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Abstract 
In this manuscript, an Economic production quantity (EPQ) model have been formulated for deteriorating items under partial 
trade credit policy with crisp and fuzzy demand. For fuzzy demand we take demand as a triangular fuzzy number & we consider 
upper ߙଵ െ ܿݑݐ& lower ߙଵ െ ܿݑݐ of this fuzzy number. Then the annual inventory cost of retailer is divided into two parts upper 
ߙଵ െ ܿݑݐ of annual inventory cost & lower ߙଵ െ ܿݑݐ of annual inventory cost. We use weighted sum method to convert multi 
objective to a single objective. Here we have to derive optimum cycle time so as to minimize the total average cost. Numerical 
examples are used to illustrate all results obtained in this paper. Finally the model is solved by Generalized Reduced 
Gradient(GRG) method and using LINGO(12) software. 
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1. Introduction: 
With the advent of multi-nationals in the market of developing countries, a supplier/wholesaler offers credit period 
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to attract more customers. In this system, a relaxed period for payment is available to the retailer if outstanding 
amount is paid within the given credit period. Goyal1 developed an EOQ model under the condition of permissible 
delay in payments. The long-term relationship between wholesaler and retailer, retailer and customers has been 
centralized by two-level of trade-credit periods, accepted and offered by the retailer. Huang 2,3 developed EOQ and 
EPQ models respectively under two levels of trade credit policy. Gani et al. 4 developed a supply chain model for the 
retailer’s ordering policy under two levels of delay payments in fuzzy environment. In the area of deterioration, a lot 
of research papers have been published by several researchers viz Chung 5, Chang et al. 6, Balkhi 7,8 , Chang 9 and 
others. Partial trade credit financing is one of central features in supply chain management. Thangam and 
Uthayakumar10 introduced an EPQ model under partial trade credit financing. Mahata11 introduced an inventory 
model of deteriorating items under trade credit financing in the fuzzy sense. Here we derive the optimal value of 
cycle time which minimize the total average cost. Lastly, numerical examples are set to illustrate all results obtained 
in this paper. 
2. Multi-Objective Linear Programming (MOLP)/ Non-Linear Programming (MONLP) Problem in Crisp 
Environment: 
The world has become more complex and almost every important real-world problem involves more than one 
objective. In such cases, decision makers find imperative to evaluate best possible approximate solution alternatives 
according to multiple criteria. 
A general multi-objective programming problem is of the following form: 
ܨ݅݊݀ݔ ൌ ሺݔଵǡ ݔଶǡ ݔଷǡ ǥ ǡ ݔ௡ሻ்
ܹ݄݄݅ܿ݉݅݊݅݉݅ݖ݁ݏܨሺݔሻ ൌ ሺ ଵ݂ሺݔሻǡ ଶ݂ሺݔሻǡ ଷ݂ሺݔሻǡ ସ݂ሺݔሻǡ ǥ ௞݂ሺݔሻሻ்
ݏݑܾ݆݁ܿݐݐ݋ݔ א ܺ
൜ݔǣ ݃௝ሺݔሻ ൑ Ͳǡ ݆ ൌ ͳǡʹǡ͵ǡ ǥ Ǥǡ ݉ݔ௜ ൒ Ͳǡ݅ ൌ ͳǡʹǡ͵ǡ ǥ ǡ ݊ ۙ
ۖ
ۘ
ۖ
ۗ
                                                                (a) 
Where ଵ݂ሺݔሻǡ ଶ݂ሺݔሻǡ ଷ݂ሺݔሻǡ ସ݂ሺݔሻǡ ǥ ௞݂ሺݔሻ are ݇ሺ൒ ʹሻobjectives.  
2.1. Weighted Sum Method: 
The weighted sum method convert a multi objective in to a single objective by multiplying each objective with 
user’s supplied weights. The weights of the objectives are chosen in that way, so that the objectives relative 
importance  in the problem is satisfied. Usually different objectives take different orders of magnitude. When such 
objectives are weighted to form a composite objective function, it would be better to scale the objectives exactly so 
that each objective possesses more or less the same order of magnitude. This process is known as a normalization of 
objectives. After the objectives normalization, a composite function F(x) can be formed by adding the weighted 
normalized objectives and the MONLP given in equation (a) is then converted in to a single objective optimization 
problem as follows: Minimize ܨሺݔሻ ൌ σ ߣ௜ ௜݂௞௜ୀଵ ሺݔሻǡ ߣ௜ ൌ ሾͲǡͳሿǡݔ א ܺ                                                                  (b) 
Here, ߣ௜ is the weight of the i-th objective function. Since the minimum of the aboveproblem does not change if all 
the weights are multiplied by a constant, it is the usual practice to choose weights such that their sum is one,  
i.e. σ ࣅ࢏࢑࢏ୀ૚ ൌ ૚Ǥ 
 
3. Notations and Assumptions: 
 
3.1. Notations: 
 
 
 
 
 
D(t)   ܽ െ ܾݐ; the annual demand as a decreasing function of time where a > 0 is fixed demand and  
                          b (0 < b < 1)denotes the rate of change of demand.෥ܽ  be a fuzzy demand where ෥ܽ ൌ ሺܽଵǡ ܽଶǡ ܽଷሻ 
                          be a triangular fuzzy number. 
ܥ௣  The unit purchase cost. 
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3.2. Assumptions: 
 
Rate of replenishment is finite. Annual demand is a decreasing function of time.ݍଵሺݐሻƬݍଶሺݐሻbe the inventory level that 
changes with time t during production period and non-production period respectively.  ܫ௖ ൒ ܫ௘ . Time horizon is infinite. 
Shortages are not allowed. 
 
4. Mathematical formulation of the model: 
 
4.1. Model 1: 
 
In this EPQ Model we consider constant production starts at ݐ ൌ Ͳ and it continues up to ݐ ൌ ݐଵ.After the  inventory 
reaches at maximum level due to production , demand & deterioration atݐ ൌ ݐଵ , production then stops and gradually 
reaches to zero at the end of the total cycle ݐ ൌ ܶ due to consumption and deterioration. 
Then the change in the inventory level can be described by the following differential equation: 
ௗ௤భሺ௧ሻௗ௧ ൅ ߠݍଵሺݐሻ ൌ ݇ െ ሺܽ െ ܾݐሻǡ Ͳ ൑ ݐ ൑ ݐଵ                                                                                                                (1) 
With the initial condition  ݍଵሺͲሻ = 0                     (2) 
On the other hand, in the interval (ݐଵǡ ܶሻ , the system is effected by the combined effect of demand and deterioration.  
Hence, the change in the inventory level is governed by the following differential equation: 
ௗ௤మሺ௧ሻ
ௗ௧ ൅ ߠݍଶሺݐሻ ൌ െሺܽ െ ܾݐሻǡ ݐଵ ൑ ݐ ൑ ܶ                                                                                                                (3) 
    With the ending condition  ݍଶሺܶሻ ൌ Ͳ                                               (4) 
The solution of the differential equations (1) and (3) are respectively represented by 
ݍଵሺݐሻ ൌ ቀ
௞ି௔
ఏ െ
௕
ఏమቁ ൫ͳ െ ݁
ିఏ௧൯ ൅ ௕௧ఏ    ; Ͳ ൑ ݐ ൑ ݐଵ                                              (5) 
ݍଶሺݐሻ ൌ ቀ
௔
ఏ ൅
௕
ఏమቁ ൫݁
ሺ்ି௧ሻఏ െ ͳ൯ െ ௕்ఏ ݁
ሺ்ି௧ሻఏ ൅ ௕௧ఏ    ; ݐଵ ൑ ݐ ൑ ܶ                                                         (6) 
In addition, using the boundary condition  ݍଵሺݐଵሻ ൌ ݍଶሺݐଵሻ , we obtain: 
ݐଵ= 
ଵ
஘ ሾ
஘
௞ ቀ
௞
஘ െ
௕்
஘ ݁
்஘ቁ െ ቀ௔஘ ൅
௕
ఏమቁ ൫ͳ െ ݁
்஘൯                                                                                                                 (7) 
The annual total relevant cost 
ܥ௦                       The unit selling cost. 
h                         The inventory holding cost per year excluding interest charges. 
A                         The ordering cost per order. 
M                         Retailer's trade credit period offered by the supplier in years. 
N                         Customer's trade period offered by the retailer in years. 
ܫ௖                         Interest charges payable per $ per year to the supplier. 
ܫ௘                         Interest earned per $ per year. 
k                           Production rate per year. 
T                          Cycle time in years. 
ܶכ                        Optimal cycle time. 
௜ܶ
כ                        Optimal value of T for model 1 for case i where i=1,2,3 respectively. 
ߠ                          The  constant deterioration rate where 0 <ߠ<1. 
Q                          The order quantity. 
ߙ                     Customer's fraction of the total amount owed payable at the time of placing an order offered 
                              by the retailer0 <ߙ<1. 
TVC                     Total inventory cost per time period for model 2. 
ା                    Upper ߙଵ െ ܿݑݐof total inventory cost per time period for model 2. 
ି                     Lower ߙଵ െ ܿݑݐof total inventory cost per time period for model 2. 
ߙଵ                          be a real number which lies between 0 &1.  
TVC (T)                Total inventory cost per time period for model 1. 
TV Ci(ܶ)                Total relevant cost per unit time for model 1 for case i where i=1,2,3 respectively. 
TV Ci( ௜ܶכ)              Optimal relevant cost per unit time for model 1  for case i where i=1,2,3 respectively. 
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(i) Annual ordering cost =  ஺் 
(ii) Annual stock holding cost = ௛் ሾ׬ ݍଵሺݐሻ݀ሺݐሻ
௧భ
଴  + ׬ ݍଶሺݐሻ݀ሺݐሻ
்
௧భ
]= ௛ఏ் ሺkݐଵ െaT+
௕்మ
ଶ ) 
(iii) Annual cost due to deteriorated units = ௥் ሺkݐଵ െaT+
௕்మ
ଶ ) 
(iv) According to given assumption, there are three cases to occur in interest charged for the items kept in stock 
per year. 
Case 1. M൑ ࢀ 
Annual interest payable = [ ௖೛ூ೎் ׬ ݍଶሺݐሻ݀ݐ
்
ெ ሿ 
=௖೛ூ೎் ሾቀ
௔
ఏమ ൅
௕
ఏయቁ ൫െͳ െ ܶߠ ൅ ݁
ሺ்ିெሻఏ ൅ ܯߠ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െܯଶሻሿ 
Case 2. N ൑ ࢀ ൑ ࡹ 
In this case total interest payable = 0 
Case 3. T ൑ ࡺ ൑ ࡹ 
In this case total interest payable = 0 
(v) According to given assumption, three cases will occur in interest earned per year. 
Case 1. N൑M൑ ࢀ 
The annual interest earned by the retailer =௖ೞூ೐் ሾߙ ׬ ׬ ܦሺݑሻ݀ݑ݀ݐ ൅ ׬ ׬ ܦሺݑሻ݀ݑ݀ݐ
௧
଴
ெ
ே
௧
଴
ே
଴ ] 
= ௖ೞூ೐ଶ் ሾߙ ቀܽܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻሿ 
Case 2. N ൑ ࢀ ൑ ࡹ 
The annual interest earned by the retailer =௖ೞூ೐் ሾߙ ׬ ׬ ܦሺݑሻ݀ݑ݀ݐ ൅ ׬ ׬ ܦሺݑሻ݀ݑ݀ݐ
௧
଴
்
ே
௧
଴
ே
଴ ൅ ሺܯ െ ܶሻ׬ ܦሺݑሻ݀ݑሿ
்
଴  
   = ௖ೞூ೐ଶ் ሾܽሺʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሻ െ ௕ଷ ሼ͵ܶ
ଶሺܯ െ ܶሻ െ ሺͳ െ ߙሻܰଷ ൅ ܶଷሽሿ 
Case 3. T ൑ ࡺ ൑ ࡹ 
The annual interest earned by the retailer =௖ೞூ೐் ሾߙ ׬ ׬ ܦሺݑሻ݀ݑ݀ݐ ൅
௧
଴
்
଴ ߙሺܰ െ ܶሻ ׬ ܦሺݑሻ݀ݑ ൅ ሺܯ െ ܰሻ׬ ܦሺݑሻ݀ݑ
்
଴ ሿ
்
଴  
      = ܿ௦ܫ௘{ܽሾܯ െ ሺͳ െ ߙሻܰ െ
ఈ்
ଶ ]+
ఈ௕்మ
ଷ െ
௕்
ଶ ሾܯ െ ሺͳ െ ߙሻܰሿሽ 
     The annual total cost incurred by the retailer 
TVC(T) = Holding cost +set up cost + deterioration cost +Interest   payable– Interest earned                                       (8) 
 Where TVC1(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛ூ೎
் ቂቀ
௔
ఏమ ൅
௕
ఏయቁ ൫݁
ሺ்ିெሻఏ െ ሺܶ െܯሻߠ െ ͳ൯ ൅
௕்
ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െ ܯଶሻቃ െ ௖ೞூ೐ଶ் ሾߙ ቀܽܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻሿ                                          (9) 
TVC2(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ െ
௖ೞூ೐
ଶ் ሾܽሺʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሻ െ ௕ଷ ሼ͵ܶ
ଶሺܯ െ ܶሻ െ
ሺͳ െ ߙሻܰଷ ൅ ܶଷሽሿ                                                                                                                                                           (10) 
    TVC3(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ െ ܿ௦ܫ௘{ܽሾܯ െ ሺͳ െ ߙሻܰ െ
ఈ்
ଶ ]+
ఈ௕்మ
ଷ  
െ ௕்ଶ ሾܯ െ ሺͳ െ ߙሻ                                                                                                                                                           (11) 
Since ܸܶܥଵሺܯሻ ൌ ܸܶܥଶሺܯሻ,ܸܶܥଶሺܰሻ ൌ ܸܶܥଷሺܰሻ 
Therefore TVC(T) is continuous and well defined 
All ܸܶܥଵሺܶሻǡ ܸܶܥଶሺܶሻǡ ܸܶܥଷሺܶሻ are defined on T > 0 
Equation (9)….(11) yield 
ܸܶ ′ܥଵሺܶሻ ൌ െ
஺
்మ െ
௛
ఏ்మ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௛
ఏ் ቀ݇
ௗ௧భ
ௗ் െ ܽ ൅ ܾܶቁ െ
௖೛
்మ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇
ௗ௧భ
ௗ் െ ܽ ൅ ܾܶቁ െ
௖೛ூ೎
்మ ቂቀ
௔
ఏమ ൅
௕
ఏయቁ ൫݁
ఏሺ்ିெሻ െ ߠሺܶ െ ܯሻ െ ͳ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ఏሺ்ିெሻ൯ ൅ ௕ଶఏ ሺܶ
ଶ െ ܯଶሻቃ ൅ ௖೛ூ೎் [(
௔
ఏమ ൅
௕
ఏయ )( ߠ݁
ఏሺ்ିெሻ െ ߠሻ ൅
௕
ఏమ ൫ͳ െ ݁
ఏሺ்ିெሻ൯ ൅ ௕்ఏమ ൫െߠ݁
ఏሺ்ିெሻ൯ ൅ ௕ఏ ܶሿ ൅
௖ೞூ೐
ଶ்మ ቂߙ ቀܽܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻቃሺͳʹሻ 
ܸܶ ′ܥଶሺܶሻ ൌ െ
ܣ
ܶଶ െ
݄
ߠܶଶ ቆ݇ݐଵ െ ܽܶ ൅
ܾܶଶ
ʹ ቇ ൅
݄
ߠܶ ൬݇
݀ݐଵ
݀ܶ െ ܽ ൅ ܾܶ൰ െ
ܿ௣
ܶଶ ቆ݇ݐଵ െ ܽܶ ൅
ܾܶଶ
ʹ ቇ ൅
ܿ௣
ܶ ൬݇
݀ݐଵ
݀ܶ െ ܽ ൅ ܾܶ൰ 
൅ ௖ೞூ೐ଶ்మ ሾܽሺܶ
ଶ െ ሺͳ െ ߙሻܰଶሻ െ ௕ଷ ሺͶܶ
ଷ െ ͵ܶଶܯ െ ሺͳ െ ߙሻܰଷሻሿ(13) 
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ܸܶ ′ܥଷሺܶሻ ൌ െ
஺
்మ െ
௛
ఏ்మ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௛
ఏ் ቀ݇
ௗ௧భ
ௗ் െ ܽ ൅ ܾܶቁ െ
௖೛
்మ ቀ݇ݐଵ െ ܽܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇
ௗ௧భ
ௗ் െ ܽ ൅ ܾܶቁ െ
௖ೞூ೐
ଶ்మ ሼെܽߙǤ ܶ
ଶ+ସଷ ܾܶ
ଷ െ ܾሾܯ െ ሺͳ െ ߙሻܰሿܶଶ}                                                                                                                (14) 
Now ܸܶᇱܥଵሺܶሻ ൌ Ͳ 
֜ െሺʹߠଷሻܣ ൅ ʹߠଶ൫݄ ൅ ܿ௣ߠ൯ ቆ݇ܶ
݀ݐଵ
݀ܶ ൅
ܾܶଶ
ʹ െ ݇ݐଵቇ
൅ ʹܿ௣ܫ௖ ቈሺߠܽ ൅ ܾሻ ቀሺܶߠ െ ͳሻ݁ሺ்ିெሻఏ െ ܯߠ ൅ ͳቁ ൅ ൫ͳ െ ݁ሺ்ିெሻఏ൯ܾߠଶܶଶ െ
ܾߠଶ
ʹ ሺܶ
ଶ െܯଶሻ቉
൅ ܿ௦ܫ௘ߠଷ ቈߙ ቆܽܰଶ െ
ܾܰଷ
͵ ቇ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ܾ͵ ሺܯ
ଷ െ ܰଷሻ቉ ൌ Ͳ 
The objective in this paper is to find an optimal cycle time to minimize the annual total relevant cost for the retailer. 
For this the optimal cycle time ଵܶכ by setting equation (12) equal to 0 ; is the root of the following equation : 
െሺʹߠଷሻܣ ൅ ʹߠଶ൫݄ ൅ ܿ௣ߠ൯ ቀ݇ܶ
ௗ௧భ
ௗ் ൅
௕்మ
ଶ െ ݇ݐଵቁ ൅ ʹܿ௣ܫ௖ ቂሺߠܽ ൅ ܾሻ ቀሺܶߠ െ ͳሻ݁
ሺ்ିெሻఏ െ ܯߠ ൅ ͳቁ ൅ ൫ͳ െ ݁ሺ்ିெሻఏ൯ܾߠଶܶଶ െ
௕ఏమ
ଶ ሺܶ
ଶ െ ܯଶሻቃ ൅ ܿ௦ܫ௘ߠଷ ቂߙ ቀܽܰଶ െ
௕ேయ
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻቃ ൌ Ͳ                                  (15) 
Equation ( 15) is the optimality condition of (9 ). 
Let,  ଵ݂ሺܶሻ ൌ െሺʹߠଷሻܣ ൅ ʹߠଶ൫݄ ൅ ܿ௣ߠ൯ ቀ݇ܶ
ௗ௧భ
ௗ் ൅
௕்మ
ଶ െ ݇ݐଵቁ ൅ ʹܿ௣ܫ௖ ቂሺߠܽ ൅ ܾሻ ቀሺܶߠ െ ͳሻ݁
ሺ்ିெሻఏ െ ܯߠ ൅ ͳቁ ൅
൫ͳ െ ݁ሺ்ିெሻఏ൯ܾߠଶܶଶ െ ௕ఏ
మ
ଶ ሺܶ
ଶ െܯଶሻቃ ൅ ܿݏܫ݁ߠ͵ ቂߙ ቀܽܰʹ െ
ܾܰ͵
͵ ቁ ൅ ܽሺܯ
ʹ െ ܰʹሻ െ ܾ͵ ሺܯ
͵ െ ܰ͵ሻቃ 
Then both ଵ݂ሺܶሻܸܽ݊݀ܶᇱܥଵሺܶሻ have the same sign and domain. 
We  have, ଵ݂′ሺܶሻ ൌ ʹߠଶ൫݄ ൅ ߠܿ௣൯ ቀ݇ܶ ௗ
మ௧భ
ௗ்మ ൅ ܾܶቁ ൅ ʹܿ௣ܫ௘ൣ൛ߠ
ଷܶሺܽ െ ܾܶሻ െ ܾߠଶܶ݁ሺ்ିெሻఏൟ ൅ ܾߠଶܶ൧ ൐ Ͳ݂݅ܶ ൐ Ͳ 
Hence ଵ݂ሺܶሻ݅ݏ݅݊ܿݎ݁ܽݏ݅݊݃݋݊ሺͲǡλሻǤ 
Also,   ଵ݂ሺͲሻ ൌ െሺʹߠଷሻܣ ൅ ʹܿ௣ܫ௖ ቂሺܽߠ ൅ ܾሻ൫ͳ െ ߠܯ െ ݁ఏெ൯ ൅
௕ఏమெమ
ଶ ቃ ൅ ܿݏܫ݁ߠ
͵ ቂߙ ቀܽܰʹ െ ܾܰ
͵
͵ ቁ ൅ ܽሺܯ
ʹ െ ܰʹሻ െ
ܾ
͵
ሺܯ͵ െ ܰ͵ሻቃ 
and 
்՜ஶ ଵ݂
ሺܶሻ =λ>0.Hence we see that 
ܸܶᇱܥଵሺܶሻ=ቐ
൏ ͲǢ ݂݅ܶ א ሺͲǡ ଵܶכሻ
ൌ ͲǢ ݂݅ܶ ൌ ଵܶכ
൐ ͲǢ ݂݅ܶ א ሺ ଵܶכǡλሻ
     
Provided  ଵ݂ሺͲሻ ൏ Ͳ . Therefore ଵܶכis the unique non-negative solution of (15).If ଵ݂ሺͲሻ ൐ Ͳ, then (15) has no solution 
for T. 
Now ܸܶᇱܥଶሺܶሻ ൌ Ͳ 
֜ െሺʹߠሻܣ ൅ ʹ൫݄ ൅ ܿ௣ߠ൯ ቆ݇ܶ
݀ݐଵ
݀ܶ ൅
ܾܶଶ
ʹ െ ݇ݐଵቇ ൅ ܿ௦ܫ௘ߠ ൤ܽሺܶ
ଶ െ ሺͳ െ ߙሻܰଶሻ െ ܾ͵ ሺͶܶ
ଷ െ ͵ܶଶܯ െ ሺͳ െ ߙሻܰଷሻ൨ ൌ Ͳሺͳ͸ሻ 
Equation (16 ) is the optimality condition of (10 ). 
Let, ଶ݂ሺܶሻ ൌ െሺʹߠሻܣ ൅ ʹ൫݄ ൅ ܿ௣ߠ൯ ቀ݇ܶ
ௗ௧భ
ௗ் ൅
௕்మ
ଶ െ ݇ݐଵቁ൅ܿ௦ܫ௘ߠሾܽሺܶ
ଶ െ ሺͳ െ ߙሻܰଶሻ െ ௕ଷ ሺͶܶ
ଷ െ ͵ܶଶܯ െ
ሺͳ െ ߙሻܰଷሻሿ 
We also have, ଶ݂′ሺܶሻ ൌ ʹ൫݄ ൅ ߠܿ௣൯ ቀ݇ܶ ௗ
మ௧భ
ௗ்మ ൅ ܾܶቁ൅ܿ௦ܫ௘ߠሾܽǤ ʹܶ െ
௕
ଷ ሺͳʹܶ
ଶ െ ͸ܶܯሻሿ ൐ Ͳ݂݅ܶ ൐ Ͳ 
Hence ଶ݂ሺܶሻ݅ݏ݅݊ܿݎ݁ܽݏ݅݊݃݋݊ሺͲǡλሻǤ 
 Also,   ଶ݂ሺͲሻ ൌ െሺʹߠሻܣ െ ʹ൫݄ ൅ ߠܿ௣൯݇ݐଵ െ ܿ௦ܫ௘ߠ ቀܽሺͳ െ ߙሻܰଶ ൅
௕
ଷ ሺͳ െ ߙሻܰ
ଷቁ ൏ Ͳ 
and 
்՜ஶ ଶ݂
ሺܶሻ =λ>0.Hence we see that 
ܸܶᇱܥଶሺܶሻ=ቐ
൏ ͲǢ ݂݅ܶ א ሺͲǡ ଶܶכሻ
ൌ ͲǢ ݂݅ܶ ൌ ଶܶכ
൐ ͲǢ ݂݅ܶ א ሺ ଶܶכǡλሻ
     
Therefore ଶܶכis the unique non-negative solution of (16). 
Now ܸܶᇱܥଷሺܶሻ ൌ Ͳ ֜ െሺʹߠሻܣ ൅ ʹ൫݄ ൅ ܿ௣ߠ൯ ቀ݇ܶ
ௗ௧భ
ௗ் ൅
௕்మ
ଶ െ ݇ݐଵቁ െ ܿ௦ܫ௘ߠሼെܽߙǤ ܶ
ଶ ൅ ସଷ ܾܶ
ଷ െ ܾሾܯ െ
ሺͳ െ ߙሻܰሿܶଶሽ ൌ Ͳ 
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Similarly, the optimal cycle time ଷܶכ, obtained by setting equation (14) equal to zero, is the root of the following 
equation: 
֜ െሺʹߠሻܣ ൅ ʹ൫݄ ൅ ܿ௣ߠ൯ ቆ݇ܶ
݀ݐଵ
݀ܶ ൅
ܾܶଶ
ʹ െ ݇ݐଵቇ െ ܿ௦ܫ௘ߠ ൜െܽߙǤ ܶ
ଶ ൅ Ͷ͵ ܾܶ
ଷ െ ܾሾܯ െ ሺͳ െ ߙሻܰሿܶଶൠ ൌ Ͳሺͳ͹ሻ 
Equation (17 ) is the optimality condition of (11 ). 
Let, ଷ݂ሺܶሻ ൌ െሺʹߠሻܣ ൅ ʹ൫݄ ൅ ܿ௣ߠ൯ ቀ݇ܶ
ௗ௧భ
ௗ் ൅
௕்మ
ଶ െ ݇ݐଵቁ െ ܿ௦ܫ௘ߠ ቄെܽߙǤ ܶ
ଶ ൅ ସଷ ܾܶ
ଷ െ ܾሾܯ െ ሺͳ െ ߙሻܰሿܶଶቅ 
Similarly from the above cases we have,  
ܸܶᇱܥଷሺܶሻ=ቐ
൏ ͲǢ ݂݅ܶ א ሺͲǡ ଷܶכሻ
ൌ ͲǢ ݂݅ܶ ൌ ଷܶכ
൐ ͲǢ ݂݅ܶ א ሺ ଷܶכǡλሻ
     
Therefore ଷܶכis the unique non-negative solution of (17). 
 
5. Decision rules of the optimal cycle time  ܂כ 
 
At present, we will establish an easy procedure to determine the optimal cycle time to simplify the solution   procedure 
.Equation  (12), (13) , (14) yield that 
ܸܶᇱܥଵሺܯሻ ൌ ܸܶᇱܥଶሺܯሻ ൌ െ
஺
ெమ ൅
௛
ఏெమ ቀ݇ܯ
ௗ௧భ
ௗெ െ ݇ݐଵ ൅
௕ெమ
ଶ ቁ ൅
௖೛
ெమ ቀ݇ܯ
ௗ௧భ
ௗெ െ ݇ݐଵ ൅
௕ெమ
ଶ ቁ ൅  
ܿ௦ܫ௘
ʹܯଶ ቈߙ ቆܽܰ
ଶ െ ܾܰ
ଷ
͵ ቇ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ ܾ͵ ሺܯ
ଷ െ ܰଷሻ቉ 
Andܸܶᇱܥଶሺܰሻ ൌ ܸܶᇱܥଷሺܰሻ ൌ െ
஺
ேమ ൅
௛
ఏேమ ቀ݇ܰ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ேమ
ଶ ቁ ൅
௖೛
ெమ ቀ݇ܰ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ேమ
ଶ ቁ ൅
௖ೞூ೐
ଶேమ ሾܽሺܰ
ଶ െ
ሺͳ െ ߙሻܰଶሻ െ ௕ଷ ሺͶܰ
ଷ െ ͵ܰଶܯ െ ሺͳ െ ߙሻܰଷሻ] 
Furthermore, we let   
οଵൌ െʹܣߠ ൅ ʹ݄ ቀ݇ܯ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ெమ
ଶ ቁ ൅ ʹܿ௣ߠ ቀ݇ܯ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ெమ
ଶ ቁ ൅ ܿ௦ܫ௘ߠሾߙ ቀܽܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ
௕
ଷ ሺܯ
ଷ െ ܰଷሻ] 
&οଶൌ െʹܣߠ ൅ ʹ݄ ቀ݇ܰ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ேమ
ଶ ቁ ൅ ʹܿ௣ߠ ቀ݇ܰ
ௗ௧భ
ௗே െ ݇ݐଵ ൅
௕ேమ
ଶ ቁ ൅ ܿ௦ܫ௘ߠሾܽሺܰ
ଶ െ ሺͳ െ ߙሻܰଶሻ െ ௕ଷ ሺͶܰ
ଷ െ
͵ܰଶܯ െ ሺͳ െ ߙሻܰଷሻ] 
We have, οଵ െ οଶൌ ʹሺܿߠ ൅ ݄ሻሺ݇ܯ
ௗ௧భ
ௗெ െ ݇ܰ
ௗ௧భ
ௗே ൅ ܾ ቀ
ெమ
ଶ െ
ேమ
ଶ ቁ ൅ ܿ௦ܫ௘ߠ ቂߙ ቀܽܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ܽሺܯ
ଶ െ ܰଶሻ െ
௕
ଷ ሺܯ
ଷ െ ܰଷሻቃ െ ܿ௦ܫ௘ߠሾܽሺܰଶ െ ሺͳ െ ߙሻܰଶሻ െ
௕
ଷ ሺͶܰ
ଷ െ ͵ܰଶܯ െ ሺͳ െ ߙሻܰଷሻ]           ሺͳͺሻ 
 
5.1. Lemma1:-ሺ݅ሻܶ ௗ௧భௗ் െ ݐଵ ൐ Ͳܽ݊݀ሺ݅݅ሻ ቀܶ
ௗ௧భ
ௗ் െ ݐଵቁ்ୀெ ൐ ሺܶ
ௗ௧భ
ௗ் െ ݐଵሻ்ୀே 
 
Proof - Let ݄ሺܶሻ ൌ ܶ ௗ௧భௗ் െ ݐଵǡ ݂݅ܶ ൐ ͲǤ ݄ᇱሺܶሻ ൌ ܶ
ௗమ௧భ
ௗ்మ ൐ Ͳ.Hence ݄ሺܶሻis increasing for all T > 0.Consequently,  
h(T) > h(0) = 0. If T > 0 and also h(M) > h(N) as M > N. Thus we have ܶ ௗ௧భௗ் െ ݐଵ ൐ Ͳ 
Ƭቀܶ ௗ௧భௗ் െ ݐଵቁ்ୀெ ൐ ሺܶ
ௗ௧భ
ௗ் െ ݐଵሻ்ୀே. This completes the proof. 
Therefore, we have from (18) , οଵ൒ οଶ                                                                                                                          (19) 
Now we have the following theorem- 
 
5.2. Theorem 1: 
  
(a) If  οଵ൐ Ͳοଶ൒ Ͳǡ ሺכሻ ൌ ሺଷכሻכ ൌ ଷכ 
(b)οଵ൐ Ͳοଶ൏ Ͳǡ ሺכሻ ൌ ሺଶכሻכ ൌ ଶכ 
(c)οଵ൑ Ͳοଶ൏ Ͳǡ ሺכሻ ൌ ሺଵכሻכ ൌ ଵכ 
Based on the above theorem a numerical example is set in section 7. 
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6. Fuzzy Mathematical Model 
 
6.1. Model 2:   
 
ௗ௤భ෦ሺ௧ሻ
ௗ௧ ൅ ߠݍଵ෦ሺݐሻ ൌ ݇ െ ሺ ෤ܽ െ ܾݐሻǡ Ͳ ൑ ݐ ൑ ݐଵ                                                                                                                (20) 
With the initial condition  ݍଵ෦ሺͲሻ = 0                                (21) 
ௗ௤మ෦ሺ௧ሻ
ௗ௧ ൅ ߠݍଶ෦ሺݐሻ ൌ െሺ ෤ܽ െ ܾݐሻǡ ݐଵ ൑ ݐ ൑ ܶ                                                                                                              (22) 
    With the ending condition  ݍଶ෦ሺܶሻ ൌ Ͳ                                             (23) 
The solution of the differential equations (20) and (22) are respectively represented by 
ݍଵ෦ାሺݐሻ ൌ ቀ
௞ିሺ௔భାఈభሺ௔మି௔భሻ
ఏ െ
௕
ఏమቁ ൫ͳ െ ݁
ିఏ௧൯ ൅ ௕௧ఏ    ; Ͳ ൑ ݐ ൑ ݐଵ                             (24) 
ݍଵ෦ିሺݐሻ ൌ ቀ
௞ିሺ௔యିఈభሺ௔యି௔మሻ
ఏ െ
௕
ఏమቁ ൫ͳ െ ݁
ିఏ௧൯ ൅ ௕௧ఏ    ; Ͳ ൑ ݐ ൑ ݐଵ                            (25) 
ݍଶ෦ାሺݐሻ ൌ ቀ
ሺ௔భାఈభሺ௔మି௔భሻ
ఏ ൅
௕
ఏమቁ ൫݁
ሺ்ି௧ሻఏ െ ͳ൯ െ ௕்ఏ ݁
ሺ்ି௧ሻఏ ൅ ௕௧ఏ    ; ݐଵ ൑ ݐ ൑ ܶ                           (26) 
ݍଶ෦ିሺݐሻ ൌ ቀ
ሺ௔యିఈభሺ௔యି௔మሻ
ఏ ൅
௕
ఏమቁ ൫݁
ሺ்ି௧ሻఏ െ ͳ൯ െ ௕்ఏ ݁
ሺ்ି௧ሻఏ ൅ ௕௧ఏ    ; ݐଵ ൑ ݐ ൑ ܶ                           (27) 
The annual total relevant cost 
(i) Annual ordering cost =  ஺் 
(ii) Upper ߙଵ -cut of  annual stock holding cost = 
௛
் ሾ׬ ݍଵ෦
ାሺݐሻ݀ሺݐሻ௧భ଴  + ׬ ݍଶ෦
ାሺݐሻ݀ሺݐሻ்௧భ ] 
= ௛ఏ் ሺkݐଵ െ(ܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻT+
௕்మ
ଶ ) 
                  Lower ߙଵ -cut of annual stock holding cost = 
௛
் ሾ׬ ݍଵ෦
ିሺݐሻ݀ሺݐሻ௧భ଴  + ׬ ݍଶ෦
ିሺݐሻ݀ሺݐሻ்௧భ ] 
                   = ௛ఏ் ሺkݐଵ െ(ܽଷ െ ߙଵሺܽଷ െ ܽଶሻT+
௕்మ
ଶ ) 
(iii) Upper ߙଵ -cut of  annual cost due to deteriorated units = 
௥
் ሺkݐଵ െ(ܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻT+
௕்మ
ଶ ) 
                  Lower ߙଵ -cut of annual cost due to deteriorated units = 
௥
் ሺkݐଵ െ(ܽଷ െ ߙଵሺܽଷ െ ܽଶሻT+
௕்మ
ଶ ) 
(iv) According to given assumption, there are three cases to occur in interest charged for the items kept in stock 
per year. 
Case 1. M൑ ࢀ 
Upper ߙ -cut of   interest payable = [ ௖೛ூ೎் ׬ ݍଶ෦
ାሺݐሻ݀ݐ்ெ ሿ 
=௖೛ூ೎் ሾቀ
ሺ௔భାఈభሺ௔మି௔భሻ
ఏమ ൅
௕
ఏయቁ ൫െͳ െ ܶߠ ൅ ݁
ሺ்ିெሻఏ ൅ ܯߠ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െ ܯଶሻሿ 
Lower ߙ -cut of  interest payable = [ ௖೛ூ೎் ׬ ݍଶ෦
ିሺݐሻ݀ݐ்ெ ሿ 
=௖೛ூ೎் ሾቀ
ሺ௔యିఈభሺ௔యି௔మሻ
ఏమ ൅
௕
ఏయቁ ൫െͳ െ ܶߠ ൅ ݁
ሺ்ିெሻఏ ൅ ܯߠ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െ ܯଶሻሿ 
Case 2. N ൑ ࢀ ൑ ࡹ 
In this case total interest payable = 0 
Case 3. T ൑ ࡺ ൑ ࡹ 
In this case total interest payable = 0 
(v) According to given assumption, three cases will occur in interest earned per year. 
Case 1. N൑M൑ ࢀ 
Upper ߙଵ -cut of annual interest earned by the retailer  
=  ௖ೞூ೐ଶ் ሾߙ ቆ൫ܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻ൯ܰ
ଶ െ ௕ே
య
ଷ ቇ ൅ ሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻሿ 
Lower ߙଵ -cut of  annual interest earned by the retailer  
=  ௖ೞூ೐ଶ் ሾߙ ቀሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻܰ
ଶ െ ௕ே
య
ଷ ቁ ൅ ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻሺܯ
ଶ െ ܰଶሻ െ ௕ଷ ሺܯ
ଷ െ ܰଷሻሿ 
Case 2. N ൑ ࢀ ൑ ࡹ 
Upper ߙଵ -cut of  annual interest earned by the retailer   
= ௖ೞூ೐ଶ் ሾሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻሺʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሻ െ ௕ଷ ሼ͵ܶ
ଶሺܯ െ ܶሻ െ ሺͳ െ ߙሻܰଷ ൅ ܶଷሽሿ 
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 Lower ߙଵ -cut of  annual interest earned by the retailer  
= ௖ೞூ೐ଶ் ሾሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻሺʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሻ െ ௕ଷ ሼ͵ܶ
ଶሺܯ െ ܶሻ െ ሺͳ െ ߙሻܰଷ ൅ ܶଷሽሿ 
Case 3. T ൑ ࡺ ൑ ࡹ 
      Upper ߙଵ -cut of  annual interest earned by the retailer = ܿ௦ܫ௘ሺሺሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻ െ ܾܶሻሾܯ െ ሺͳ െ ߙሻܰ െ
்ఈ
ଶ ሿ 
      Lower ߙଵ -cut of  annual interest earned by the retailer = ܿ௦ܫ௘ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻ െ ܾܶሻሾܯ െ ሺͳ െ ߙሻܰ െ
்ఈ
ଶ ሿ 
      The annual total cost incurred by the retailer 
TVC(T) = Holding cost +set up cost + deterioration cost +Interest   payable– Interest earned                                     (28) 
Therefore total variable cost per unit time is a fuzzy quantity and is defined by 
ܸܶܥ ൌ ቄܸܶܥ
ା
ܸܶܥି                                                                                                                                                                 (29) 
ݓ݄݁ݎܸ݁ܶܥା ൌ ሼݔ א ܴǣ ߤ்௏஼ሺݔሻ ൒ ߙଵሽƬܸܶܥି ൌ ݅ሼݔ א ܴǣ ߤ்௏஼ሺݔሻ ൒ ߙଵሽ 
Case 1. N൑M൑ ࢀ 
     Upper ߙଵ -cut of   annual total cost incurred by the retailer is 
TVC1+(T) =
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛ூ೎
் ቂቀ
ሺ௔భାఈభሺ௔మି௔భሻሻ
ఏమ ൅
௕
ఏయቁ ൫݁
ሺ்ିெሻఏ െ ሺܶ െ ܯሻߠ െ ͳ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െ ܯଶሻቃ െ
௖ೞூ೐ሺሺ௔భାఈభሺ௔మି௔భሻሻି௕்ሻ
ଶ் ሾܯ
ଶ െ ሺͳ െ ߙሻܰଶሿ  (30) 
      Lower ߙଵ -cut of   annual total cost incurred by the retailer is 
TVC1-(T)  
= ஺் ൅
௛
்ఏ ቀ݇ݐଵ െ ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛ூ೎
் ቂቀ
ሺ௔యିఈభሺ௔యି௔మሻሻ
ఏమ ൅
௕
ఏయቁ ൫݁
ሺ்ିெሻఏ െ ሺܶ െ ܯሻߠ െ ͳ൯ ൅ ௕்ఏమ ൫ͳ െ ݁
ሺ்ିெሻఏ൯ ൅ ௕ଶఏ ሺܶ
ଶ െܯଶሻቃ െ ௖ೞூ೐ሺሺ௔యିఈభሺ௔యି௔మሻሻି௕்ሻଶ் ሾܯ
ଶ െ ሺͳ െ ߙሻܰଶሿ   (31) 
Case 2. N ൑ ࢀ ൑ ࡹ 
 Upper ߙଵ -cut of   annual total cost incurred by the retailer is 
  TVC2+(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ൫ܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻ൯ܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ൫ܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻ൯ܶ ൅
௕்మ
ଶ ቁ 
െ ௖ೞூ೐ሺሺ௔భାఈభሺ௔మି௔భሻሻି௕்ሻଶ் ሾʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሿ                                                                                                    (32) 
   Lower ߙଵ -cut of   annual total cost incurred by the retailer is 
   TVC2-(T)= = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ൫ܽଷ െ ߙଵሺܽଷ െ ܽଶሻ൯ܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ൫ܽଷ െ ߙଵሺܽଷ െ ܽଶሻ൯ܶ ൅
௕்మ
ଶ ቁ 
െ ௖ೞூ೐ሺሺ௔యିఈభሺ௔యି௔మሻሻି௕்ሻଶ் ሾʹܯܶ െ ሺͳ െ ߙሻܰ
ଶ െ ܶଶሿ                                                                                                  (33)         
   Case 3. T ൑ ࡺ ൑ ࡹ 
   Upper ߙଵ -cut of   annual total cost incurred by the retailer is 
   TVC3+(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ሺܽଵ ൅ ߙଵሺܽଶ െ ܽଵሻሻܶ ൅
௕்మ
ଶ ቁ െ ܿ௦ܫ௘ሺሺܽଵ ൅
ߙଵሺܽଶ െ ܽଵሻሻ െ ܾܶሻሾܯ െ ሺͳ െ ߙሻܰ െ
்ఈ
ଶ ሿ                                                                                                                  (34) 
   Lower ߙଵ -cut of   annual total cost incurred by the retailer is 
   TVC3-(T) = 
஺
் ൅
௛
்ఏ ቀ݇ݐଵ െ ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻܶ ൅
௕்మ
ଶ ቁ ൅
௖೛
் ቀ݇ݐଵ െ ሺܽଷ െ ߙଵሺܽଷ െ ܽଶሻሻܶ ൅
௕்మ
ଶ ቁ െ ܿ௦ܫ௘ሺሺܽଷ െ
ߙଵሺܽଷ െ ܽଶሻሻ െ ܾܶሻሾܯ െ ሺͳ െ ߙሻܰ െ
்ఈ
ଶ ሿ                                                                                                                 (35) 
    Therefore this model mathematically can be written as 
     Minimize {ܸܶܥାǡ ܸܶܥିሽ                                                                                                                                           (36) 
     Subject to 0൑ ߙଵ ൑ ͳ                                                                                                                                                 (37) 
          Therefore the problem is a multi objective optimization problem. To convert it as a single objective optimization 
problem we use Weighted sum method . 
         Then the above problem reduces to 
         Minimize F(x) = ߣଵǤ ܸܶܥା ൅ ߣଶǤ ܸܶܥି                                                                                                                       (38) 
         Subject to     0൑ ߙଵ ൑ ͳ                                                                                                                                              (39) 
         Where  ሺߣଵ ൅ߣଶ ) =1 
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7. Numerical Examples: 
 
To illustrate the results of the proposed model we solve the following numerical examples  
Let ܿ௣ ൌ ܴݏͳ͸Ȁݑ݊݅ݐǡ ܿ௦ ൌ ܴݏͳͺȀݑ݊݅ݐǡ ܣ ൌ ܴݏͳͲͲȀ݋ݎ݀݁ݎ , a =150 units per year, k = 500 units/year, h = Rs 
30/unit,ܫ௘ ൌ ͲǤͳͶ , ܫ௖ ൌ ͲǤͳ͹, ߙ ൌ ͲǤ͸ǡ ߠ ൌ ͲǤʹ,b=0.1 
For fuzzy model let ߣଵ ൌ ͲǤ͸ǡ ߣଶ ൌ ͲǤͶǡ ܽ ൌ ሺͳʹͲǡʹͲͲǡͳ͸Ͳሻ,ߙଵ ൌ ͲǤͶ 
then the optimal results for different cases are given in Table 1 & 2 
 
Table 1: Optimal results for different cases in model 1 
 
   Case 1. N൑M൑ ܶ                                                           Case 2. N൑T൑ ܯ                                                                Case 3. T൑N൑ ܯ 
  N          Mοଵοଶ ଵܶכTVC1( ଵܶכ) N M 
0.6 
οଵ 
>0 
οଶ 
<0 
ଶܶ
כ 
0.2225 
TVC2( ଶܶכ) 
660.9432 
N M οଵ οଶ ଷܶכ TVC3( ଷܶכ) 
0.02 0.04 <0 < 0 0.21 889.1274 0.18 0.4 0.5 >0 >0 0.224 741.4376 
 
  Table 2: Optimal results for different cases in model 2 
 
 
Different Cases N M T TVC ܸܶܥା ܸܶܥି 
Case 1. N൑M൑ ܶ 0.02 004 0.2155388 906.5493 892.6115 927.4560 
Case2. N൑T൑ ܯ 0.18 0.6 0.2184227 660.9661 661.4184 660.2876 
Case 3. T൑N൑ ܯ 0.4 0.5 0.2199856 747.8100 743.0105 755.0093 
 
8. Sensitivity Analysis 
Now we will test the sensitivity of optimal solutions for model 2 with respect to parameters b,ߙ1,ߠ 
 
Table 3: Optimal results for model 2 with respect to parameters b,ߙ1,ߠ 
 
Parameter Value Case 1 Case 2 Case 3 
ܸܶܥା ܸܶܥି ܸܶܥା ܸܶܥି ܸܶܥା ܸܶܥି 
 
b 
0.2 892.5784 927.4294 661.8224 660.2564 769.2546 785.4067 
0.4 892.5121 927.3760 661.7897 660.1453 769.2193 785.3835 
0.6 892.4458 927.3227 661.7569 660.1025 769.2017 785.3718 
 
 
ߙ1 
 
0.5 
 
892.6515 
 
927.5041 
 
665.4492 
 
630.7382 
 
777.4975 
 
795.1491 
0.7 892.5716 927.4080 658.2149 620.3813 761.0204 775.6558 
0.8 892.5317 927.3599 654.5776 615.1640 752.7425 765.8620 
 
 
ߠ 
 
0.4 
 
912.4136 
 
947.6038 
 
681.993 
 
645.8857 
 
789.3079 
 
805.8214 
0.6 950.8866 986.7333 721.2053 685.3558 828.2258 845.4360 
0.8 987.9895 1024.450 759.0534 723.4167 865.7458 883.6064 
    
Fig 1. Effect of interest earned (݅௘ሻ on ܸܶܥାƬܸܶܥି                               Fig 2. Effect of holding cost (݄ሻ on ܸܶܥାƬܸܶܥି of case 1 of model 2  
   of case 3 of model 2   
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Fig 3. Effect of selling price (ܿ௦ሻ on ܸܶܥାƬܸܶܥି of case 2 of model 2 
 
9. Result and discussion 
 
At last we find the optimal results for different cases for different models by using Generalised reduced gradient (GRG) 
method & LINGO(13) software which were given in table 1 & 2.From Table 1 & 2 describe the optimal results for 
Crisp & fuzzy model respectively. In model we observe that in case 2 the annual  inventory cost is minimum because in 
case 2 retailers trade credit period is greater than total cycle time T & customers trade credit is less than T. From the 
sensitivity analysis in Table 3 we find that optimal solution is very less sensitive to parameters b,ߙ1,ǤWith the increase 
or decrease of the parameters the optimal value does not alter. So the model is a stable model. With the increase of 
deterioration ߠ, the upper and lower ߙ1-cut of inventory cost of retailer increases. Figure 1 shows that with the increase 
of interest earned (݅௘ሻ the upper and lower ߙ1-cut of inventory cost of retailer decreases for case 3 of model 2.Figure 2 
depicts that with the increase of holding cost (݄ሻ the upper and lower ߙ1-cut of inventory cost of retailer increases for 
case 1 of model 2.Figure 3 shows that with the increase of selling price (ܿ௦ሻ the upper and lower ߙ1-cut of inventory 
cost of retailer decreases for case 2 of model 2. 
 
10. Conclusion: 
 
In this paper we developed an EPQ model for deteriorating items under partial trade credit financing and demand 
declining market in crisp and fuzzy demand .The proposed model can be extended in several ways. For instance, we 
may extend this model for shortages, quantity discounts, taking selling price, ordering cost as a fuzzy number and 
others. 
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